ABSTRACT
INTRODUCTION
The molecular and cellular mechanisms underlying the clinical use of lithium salts in the treatment of manic-depression (also called bipolar disease) as well as other psychiatric and non-psychiatric conditions are still poorly understood [1] [2] [3] . Several interrelated hypotheses have been formulated to clarify the action of Li+. Among these are: 1) Li + inhibition of the enzymes inositol-l-monophosphatase and adenylate cyclase, causing depletion in brain inositol and cyclic AMP (cAMP) levels [4] [5] [6] [7] ; and 2) competition between Li + and
Mg
2+ ions for Mg 2+ binding sites in biomolecules, in particular guanine-nucleotide binding proteins which are involved in the signal transduction cascade [8] [9] . It is possible that the pharmacological action of Li + cannot be explained by one single mode of action. In an attempt to contribute towards a better understanding of this problem, at the cellular and molecular levels, recent studies using fluorescence spectroscopy with the Mg 2+ 31 indicator furaptra 10] as well as Li and P NMR spectroscopy [11 have been undertaken. These techniques proved to be useful to investigate Li + transport [12] , Li + binding [13] and Li+/Mg 2+ competition [11, 14] .
Li+/Mg
2+ competition was demonstrated for the phosphate groups of small phosphorylated molecules involved in second messenger systems, such as ATP/ADP, GTP/GDP and IP3 [11, 15, 16] ; for the phosphate groups of erythrocyte membrane phospholipids [17] ; in Li+-loaded human erythrocytes [10, 18] and in human SH-SY5Y neuroblastoma cells 14] . Chromaffin cells from the adrenal gland medulla are excitable endocrine cells which can be used as good neuronal models [19, 20] and whose neurotransmitter release has been found to be stimulated by Li + loading [21] [22] [23] . Therefore 
Isolation of bovine chromaffin cells
Chromaffin cells were isolated from bovine adrenal medulla as described by Brocklehurst and Pollard [24] and were purified by centrifugation in a continuous Percoll gradient. The Neutral Red dye test [25] indicated that 65-80% of the cell preparation contained chromaffin cells. Cell viability was tested by the 357 (1) where At and A= are, respectively, the integrals of the intracellular Li + signal at time (t) and when the Li concentration inside the cells reaches the steady state. Thus, the apparent influx rate constants, ki, were determined using a graphical representation of time dependence of the percent of intracellular Li from plots of areas of intracellular Li + signal (Ai) over the total area (Ai + Ae) (Ae is the area of extracellular Li signal), [Ai/(Ai + Ae)] vs. time [12] . The [13] . Even though the experimental conditions were different in our study as compared to the other two [13, 33] degree of immobilization of the Li + ion, the higher the value of this ratio is, the lower the mobility of Li [13] . Therefore, 7Li NMR relaxation measurements give information about the physical state of the ion inside the cell. A comparison of the 7Li NMR T/T2 ratios obtained in this work with those for other types of cells and some of their components is shown in Table 11 . From these values which were obtained with similar intracellular Li concentrations [12, 13, 33] , it is possible to conclude that Li is more immobilized within chromaffin cells that in other cellular systems already studied [12, 13] , which is in agreement with the higher degree of complexity of these cells. Li + is strongly bound to the membrane, intracellular structures in the cytosol and probably inside the chromaffin granules. The high 7Li NMR T/T2 ratio of the plasma membrane of the human neuroblastoma cells and human erythrocytes as compared to LiCI free in solution ( Table !I) indicates that these are major Li + binding sites. A more detailed study with various chromaffin cell components, in particular plasma membrane suspensions, could be useful to better define which are the most probable Li + binding sites in these cells. [13] T (s) (+_ SD) (3), using a value of 1.9 mM for K (furaptra-Mg2+) [14] , and the result is represented in Fig. 2B . were calculated using eq. 3 and a value of 1.9 mM for Kd (furaptra-Mg+) [14] .
As shown in Fig. 2B , there is an increase in the intracellular free Mg2.
+ concentration with time, from its basal value of 1.1 _+ 0.20 mM (n=3), determined in the absence of Li+, to 2.1 _+ 0.14 mM (n=2), after the incubation of the cells in a 15 mM LiCI modified Krebs medium for 60 minutes.
As the intracellular space of the Li+-loaded cells contains Mg2+, Ca 2+ and Li+, their binding to the dye has to be taken into account. In vitro studies of the excitation fluorescence spectra of furaptra, in its salt form, in the presence of different concentrations of Mg 2+ (in the absence of Ca2+), and of different concentrations of Ca 2+ (in the absence of Mg2+) have been described in the literature [29, 34] . The [29, 34] .
However, it was observed that the intracellular free Ca 2+ levels.during Li+-loading experiments with chromaffin cells using the Ca 2+ sensitive fluorescent probe fura-2, increase slowly from its basal value (100-200 nM) up to around 600 nM (data not shown). Once the induced shift of furaptra to lower frequencies occurs when Ca z+ concentration is higher than IM [29] , this ion do not interfere with the spectroscopic properties of this probe.
Since Li + has also been shown to bind furaptra (Kd 250 mM at 25 C and 237 mM at 37 C [10] ) it was necessary to determine if the contribution of Li + binding to the dye was significant and if a correction in eq. 3 was necessary [11] . In this study it was already mentioned that the intracellular Li concentration was estimated to be 1.67 + 0.43 mM. This amount of Li + would only affect furaptra fluorescent properties by 0.7 % (1.67 mM/250 mM), which can not account for the changes shown in Fig. 2B .
These data show that the increase in the ratio of fluorescence intensities R(335/370) of furaptra observed when Li goes into the cells is due to [14, 18] , which is one of the hypotheses to explain the therapeutic action of Li + at the molecular and cellular levels.
